Background {#Sec1}
==========

End-stage kidney disease (ESKD) is a leading cause of morbidity and mortality worldwide \[[@CR1]\]. Compared with patients with chronic diseases but without ESKD \[[@CR2]\], patients receiving maintenance hemodialysis (HD) and peritoneal dialysis (PD) tend to have a shorter life expectancy, as well as a higher rate of hospitalization and readmission. In the United States, it was observed that 35.2% of patients on HD and PD were readmitted within 30 days in 2012, which drew the attention of the US Centers for Medicare and Medicaid Services \[[@CR3]\]. Starting in 2017, the 30-day readmission has been included in the ESKD Quality Incentive Program as an important move in payment reform \[[@CR4]\]. A subsequent 2% reduction of overall payment of dialysis patients was observed after the implementation of the program \[[@CR5]\], which indicated that 30-day readmission is an important indicator for the quality of healthcare among HD and PD patients.

Previous studies revealed that multiple comorbidities were associated with the risk of 30-day readmission for maintenance HD patients \[[@CR6], [@CR7]\]; though it is difficult to quantitatively or semi- quantitatively use those results in clinical practice for risk-stratification. The Charlson Comorbidity Index (CCI) is the most frequently used tool to measure co-existing diseases \[[@CR8]\], and it has been validated for predicting the risk of mortality, disability, hospitalization and length of hospital stay in various clinical settings \[[@CR9]\]. In the field of nephrology, CCI has been used to predict mortality of patients with acute kidney injury (AKI), diabetic kidney disease \[[@CR10], [@CR11]\]. As for patients with ESKD, several studies \[[@CR12], [@CR13]\] have validated that the CCI was an effective tool for comorbidity assessment and it could be used for survival prediction. To the best of our knowledge, there are few studies investigating the association between CCI and 30-day readmission in HD and PD patients. Therefore, we aimed to explore the association between CCI and the risk of 30-day readmission in patients receiving maintenance HD and PD based on a national administrative database in China.

Methods {#Sec2}
=======

Data sources and population setting {#Sec3}
-----------------------------------

Patients on HD and PD therapy were extracted from the database of Hospital Quality Monitoring System (HQMS), which is a mandatory patient-level national database for hospital accreditation, under the authority of the Bureau of Medical Administration and Medical Service Supervision, National Health Commission of the People's Republic of China. Details of the HQMS were described in detail elsewhere \[[@CR14]\]. In brief, standardized electronic inpatient discharge summaries, which were completed within 48 h after hospital discharge, were uploaded on a daily basis to HQMS by most Class 3 hospitals (similar to tertiary hospitals) in China. The database collects 346 patient-level variables, including demographic characteristics, diagnoses, procedures, pathology diagnoses, and expenses. The discharge diagnoses were coded by professional medical coders at each hospital using the International Classification of Diseases-10 (ICD-10) coding system, and the procedures were coded using the International Classification of Diseases-9, Clinical Modification Volume 3 (ICD-9-CM-3).

The system was relatively well-established in 2013, and thus the data used in this study were from 1 January 2013 to 31 December 2015. The inclusion criteria for our study population included (1) aged ≥18 years old and ≤ 100 years old and (2) identified as receiving maintenance HD and PD by ICD-10 combined with ICD-9-CM-3. The ICD codes used for identifying dialysis patients are provided in Additional file [1](#MOESM1){ref-type="media"}: Table S1. The exclusion criteria included (1) patients without identification number and therefore readmissions could not be identified; (2) patients diagnosed as AKI, or chronic kidney disease (CKD) stage G1--4; (3) receipt of kidney transplantation during the index hospitalization; (4) patients died during the index hospitalization; and (5) patients' records identified as having errors, e.g., the discharge date was earlier than admission date. Here we excluded those patients died during the index hospitalization because death is a competing risk for rehospitalization. There are specific diagnosis or procedure codes for PD, HD, AKI, CKD stages G1--4 and kidney transplantation respectively, and patients with all these diseases can be identified using corresponding ICD codes from the HQMS database. The ICD codes used for identifying patients with AKI, CKD stages G1--4 and kidney transplantation are provided in Additional file [1](#MOESM1){ref-type="media"}: Table S2.

The study outcome was the unplanned readmission following the index hospital discharge within 30 days. The planned readmission was identified by the specific question of "Is there any plan to readmit the patients within 30 days?" in the HQMS database, and those with positive answers were excluded. Furthermore, for those with a time interval of less than 2 days between two admissions were also excluded, because it might be a way to avoid a long length of stay, which is an indicator for healthcare quality evaluation. The reasons for readmission were considered in our analysis. We identified those readmission reasons using the medical procedure codes recorded during the rehospitalization first. The procedure codes were given the highest priority because the most important treatments for hospitalized patients can be identified through procedure codes. For those patients without recorded medical procedures during the rehospitalizations, we then used the first diagnosis as the causes of readmission. The recorded procedure and diagnosis codes of all included patients were classified into three categories: building dialysis access, dialysis comorbidity and other reasons, among which the first two are main causes of readmission with frequency \> 10% respectively, and the third one consists of all those readmission reasons with frequency lower than 10%. We have listed the ICD codes of the readmission reasons in Additional file [1](#MOESM1){ref-type="media"}: Table S3.

For patients with multiple hospitalizations, we randomly selected one hospitalization as the index hospitalization. Generally, compared with the first hospitalization, patients would have worse conditions in the later hospitalizations. To randomize the severity of patients' illness, randomly selecting one hospitalization is a common approach to ensure the uniform distribution of the severity of patients' conditions \[[@CR6], [@CR7]\]. The flowchart of the process for the patients' inclusion is shown in Fig. [1](#Fig1){ref-type="fig"}. Fig. 1The procedure of study population selection

Comorbidities {#Sec4}
-------------

Comorbidities were identified by ICD-10 coding (Additional file [1](#MOESM1){ref-type="media"}: Table S4). The first edition of CCI contains 19 comorbidities in which these comorbid diseases are weighted according to the severities of the corresponding chronic conditions. The second edition of CCI is a combined age-comorbidity score that adds the factor of age such that scores based on the second edition CCI are higher for older people \[[@CR15]\] (The CCI with combined age-comorbidity is shown in Additional file [1](#MOESM1){ref-type="media"}: Table S5). In our study, the age-adjusted CCI was used because of its better predictive ability. More comorbidities and older age could result in a higher CCI score, which implies a higher disease burden. The CCI scores were classified into four groups based on the distribution in our study population: 2 (scored by ESKD per se), 3--4, 5--6, and \> 6.

Statistical analyses {#Sec5}
--------------------

The characteristics of patients included in the study were described. Data were reported as counts and percentages for categorical variables, and the mean (standard deviation, SD) or median (interquartile range, IQR) for continuous variables. Chi-square tests or Wilcoxon rank sum tests were used for comparison.

We calculated the 30-day readmission rate in different subgroups, grouped by the modality of dialysis and gender among dialysis patients with CCI score 2, 3--4, 5--6, and \> 6. Patients were classified into different groups according to the causes of rehospitalization and the distribution of readmission reasons among patients in different CCI score categories were presented. A cause-specific Cox proportional hazards model was used to assess the risk of unplanned 30-day readmission. In addition to CCI, potential confounders or variables predictive of readmission were included in the multivariable models, including: sex (male or female), the length of hospital stay (continuous), mechanical ventilation (yes or no), resuscitation (yes or no), admission through emergency department (yes or no), modality of dialysis (hemodialysis or peritoneal dialysis), and admission to intensive care unit (ICU, yes or no). All the confounders in our analysis are clinically important variables. We considered that patients with longer length of hospital stay, mechanical ventilation, resuscitation, admission through emergency department, admission to ICU during their index hospitalizations are more likely to have severe condition and all these factors might have association with the risk of readmission \[[@CR6], [@CR16]--[@CR18]\]. Since age was included in CCI, it was excluded from the proportional hazards model to avoid collinearity. Hazard ratios (HR) and 95% confidence intervals (CI) were reported. The proportional hazard assumptions were ascertained before fitting the Cox proportional hazard model.

All of the *P* values are 2-tailed. Python version 3.6 (Python Software Foundation, Delaware, United States) and R version 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria) were used for analyses.

Results {#Sec6}
=======

General characteristics {#Sec7}
-----------------------

Overall, 124,721 patients were included in the analysis. The characteristics of the dataset were described in Table [1](#Tab1){ref-type="table"}. The mean age was 54.6 years old, and 41.5% were women. Regarding the modality of dialysis, 73.7% of patients were on hemodialysis. Table 1Characteristics of populations with and without 30-day readmissionCharacteristicTotal\
*n* = 124,721With 30-d Readmission\
*n* = 19,893Without 30-d Readmission\
*n* = 104,828*P*-valueAge (mean, SD)^b^54.6 (15.6)54.7 (15.4)54.5 (15.7)0.004Women n(%)^a^51,813 (41.5)8166 (41.1)43,647 (41.6)0.125Length of hospital stay (median, IQR)^b^11 (11)13 (14)11 (12)\< 0.001Mechanical ventilation n(%)^a^584 (0.5)41 (0.2)543 (0.5)\< 0.001ICU n(%)^a^4043 (3.2)496 (2.5)3547 (3.4)\< 0.001Rescue n(%)^a^8088 (6.5)1099 (5.5)6989 (6.7)\< 0.001Emergency n(%)^a^17,904 (14.4)2917 (14.7)14,987 (14.3)0.180MI n(%)^a^1123 (0.9)130 (0.7)993 (1.0)\< 0.001Heart failure n(%)^a^23,645 (19.0)3899 (19.6)19,746 (18.8)0.012Peripheral Vascular Disease n(%)^a^1921 (1.5)262 (1.3)1659 (1.6)0.006Cerebrovascular disease n(%)^a^10,376 (8.3)1582 (7.6)8794 (8.4)0.042Dementia n(%)^a^149 (0.1)27 (0.1)122 (0.1)0.540Chronic Pulmonary Disease n(%)^a^3355 (2.7)489 (2.5)2866 (2.7)0.029Connective Tissue Disease n(%)^a^3547 (2.8)617 (3.1)2930 (2.8)0.018Peptic Ulcer Disease n(%)^a^1178 (0.9)195 (1.0)983 (0.9)0.593Diabetes Mellitus uncomplicated n(%)^a^20,963 (16.8)3583 (18.0)17,380 (16.6)\< 0.001Mild Liver Disease n(%)^a^7318 (5.9)1069 (5.4)6249 (6.0)0.001Hemiplegia n(%)^a^153 (0.1)23 (0.1)130 (0.1)0.842Solid Tumor including leukemia, Lymphoma n(%)^a^2726 (2.2)360 (1.8)2366 (2.3)\< 0.001Diabetes Mellitus complicated n(%)^a^20,724 (16.6)3575 (18.0)17,149 (16.4)\< 0.001Moderate or Severe Liver Disease n(%)^a^1733 (1.4)250 (1.3)1483 (1.4)0.087CharacteristicTotal n = 124,721With 30-d Readmission, n = 19,893Without 30-d Readmission, n = 104,828P-valueSolid Tumor with metastatic n(%)^a^499 (0.4)53 (0.3)446 (0.4)0.001AIDS n(%)^a^28 (\< 0.1)5 (\< 0.1)23 (\< 0.1)0.986CCI (mean, SD)^b^4.3 (2.0)4.3 (2.0)4.2 (2.0)\< 0.001Modality of dialysis^a^ Hemodialysis n(%)91,901 (73.7)12,760 (64.1)79,141 (75.5)\< 0.001 Peritoneal dialysis n(%)25,333 (20.3)5493 (27.6)19,840 (18.9) Unknown dialysis n(%)7487 (6.0)1640 (8.2)5847 (5.6)Charlson Comorbidity Index^a^ CCI = 230,413 (24.4)4798 (24.1)25,615 (24.4)\< 0.001 3 \< =CCI \< =442,051 (33.7)6526 (32.8)35,525 (33.9) 5 \< =CCI \< =634,895 (28.0)5674 (28.5)29,221 (27.9) CCI \> 617,371 (13.9)2904 (14.6)14,467 (13.8)*Abbreviations*: *AIDS* Acquired Immune Deficiency Syndrome, *CCI* Charlson Comorbidity Index, *ICU* intensive care unit, *MI* myocardial infarction, *SD* standard deviation, *IQR* interquartile range^a^significance was assessed by Chi-squared test^b^significance was assessed by Wilcoxon rank sum test

There were 19,893 patients identified as having unplanned 30-day readmission (16.0%). The median intervals between the date of discharge and the readmission was 20 days (IQR 14--21 days) among patients with 30-day readmission. Among the comorbidities included in CCI, heart failure, diabetes mellitus, and cerebrovascular disease were the three most frequent diseases in the study population. Compared with patients without readmission, a larger proportion of patients readmitted within 30 day were with higher CCI score, and the contrast was 28.5% vs. 27.9% (readmitted vs. non-readmitted, 5 \< =CCI \< =6) and 14.6% vs. 13.8% (readmitted vs. non-readmitted, CCI \> 6), respectively. Furthermore, the percentage of patients receiving peritoneal dialysis was relatively higher among patients with readmission compared with those without (27.6% vs. 18.9%).

With the increase of CCI score, the 30-day readmission rates of patients grouped by the modality of dialysis and gender were shown in Table [2](#Tab2){ref-type="table"}. For patients receiving hemodialysis, the readmission rate increased with elevated CCI scores. However, the trend was not observed for patients receiving peritoneal dialysis, who had relatively higher readmission rates compared with patients receiving hemodialysis. Table 2The 30-day readmission rate stratified by the Dialysis modality and gender in different CCI score groupsSubgroupCCI = 23 \< =CCI \< =45 \< =CCI \< =6CCI \> 6TotalDialysis modality Hemodialysis12.7%13.3%14.7%15.3%13.9% Peritoneal22.2%21.2%22.1%20.9%21.7%Gender Male15.8%15.5%16.5%17.3%16.1% Female15.7%15.6%16.0%15.9%15.8% Total15.8%15.5%16.3%16.7%16.0%*Abbreviations*: *CCI* Charlson Comorbidity Index

The distribution of readmission reasons among different CCI score groups was shown in Table [3](#Tab3){ref-type="table"}. Most patients (68.8%) were readmitted for other reasons instead of causes related to dialysis. For those patients readmitted because of dialysis related reasons, dialysis comorbidity is a more frequent cause than building dialysis access (20.1% vs. 11.1%). The distribution of readmission reasons among patients in different CCI score groups has no significant difference (*P* \> 0.05). Table 3The distribution of readmission reasons among patients in different CCI score groupsReason of rehospitalizationCCI = 2\
n (%)3 = \<CCI \< =4\
n (%)5 = \<CCI \< =6\
n (%)CCI \> 6\
n (%)Total\
n (%)*P*-value^a^Dialysis access531 (11.1)698 (10.7)659 (11.6)313 (10.8)2201 (11.1)0.3Dialysis complications920 (19.2)1355 (20.8)1145 (20.2)580 (20.0)4000 (20.1)Others3338 (69.7)4473 (68.5)3870 (68.2)2011 (69.3)13692 (68.8)*Abbreviations*: *CCI* Charlson Comorbidity Index^a^significance was assessed by Chi-squared test

CCI as the predictor of rehospitalization within 30 days {#Sec8}
--------------------------------------------------------

Categories of CCI were independently associated with the risk of unplanned 30-day readmission (Table [4](#Tab4){ref-type="table"}). In the fully adjusted model, compared with patients with CCI of 2, the HR for those with CCI 3--4, 5--6 and \> 6 was 1.01 (95% CI 0.98--1.05), 1.09 (95% CI 1.05--1.14), and 1.14 (95% CI 1.09--1.20), respectively. Table 4Association between CCI and 30-day readmission adjusted for gender, dialysis modality and other variables, respectivelyCCI SubgroupGender-adjusted HRGender and dialysis modality-adjusted HRMultivariable-adjusted HR^a^CCI = 21113 \< =CCI \< =40.99 (0.95,1.01)1.01 (0.97,1.05)1.01 (0.98,1.05)5 \< =CCI \< =61.04 (1.00,1.08)1.09 (1.05,1.14)1.09 (1.05,1.14)CCI \> 61.07 (1.02,1.12)1.14 (1.09,1.19)1.14 (1.09,1.20)*Abbreviations*: *CCI* Charlson Comorbidity Index, *HR* hazard ratio^a^Adjusted for gender, the length of hospital stay, the receipt of mechanical ventilation, rescue, admission through emergency, the modality of dialysis and admission to intensive care unit (ICU)

Discussion {#Sec9}
==========

To the best of our knowledge, this study is the first describing the association between CCI and unplanned 30-day readmission among patients receiving maintenance dialysis based on a large nationwide database. The unplanned 30-day readmission rate in our study was 16.0%. Furthermore, CCI was independently associated with the risk of 30-day readmission and could therefore be used for risk stratification for hospitalized dialysis patients. Besides, we randomly selected one hospitalization as the index hospitalization, and the CCI score of patients in the index hospitalization could be useful to stratify a patient's risk of readmission according to our result. Patients on dialysis may have uniform distribution of illness severity in their randomly selected index hospitalizations and CCI score can play as an important predictor for readmission.

The 30-day readmission rate for patients with kidney disease varied across different countries. The proportion of 30-day readmission in ESKD patients was 35.4% reported by the US Renal Data System (USRDS), while it was 17.0% of patients receiving hemodialysis from 157 acute care hospitals in Canada, which is similar to our results \[[@CR6], [@CR19]\]. Possible reasons for the variation might include differences in the pattern of dialysis service and patients' characteristics. Furthermore, the 30-day readmission rate in the general patient populations might contribute substantially to the variation. For example, the readmission rate within 30 days was 15.3% among Medicare beneficiaries without CKD in the US, and it was 8.5% among overall hospitalized patients in Canada \[[@CR6], [@CR19]\]. In China, the readmission rate among ESKD patients was also two times that of all in-patients (10% versus 5.18%) in 2015\[[@CR20]\], and was much higher compared with patients with diabetes (2.4--4.2% during the year 2008--2013) \[[@CR21]\] or patients with acute exacerbation for chronic obstructive pulmonary disease (COPD) (6.8%) \[[@CR22]\]. Therefore, although varied, high readmission rates among the ESKD population were common and imposed increased burdens on health systems.

Furthermore, our results revealed that the readmission rate was higher among patients on peritoneal dialysis compared to those on hemodialysis, which is consistent with previous reports. Perl et al.\[[@CR23]\] demonstrated that patients on peritoneal dialysis had a 19% higher readmission risk than patients receiving hemodialysis therapy. Lafrance et al. \[[@CR24]\] found that the modality of peritoneal dialysis was associated with an increased risk of infection-related hospitalizations compared with the use of hemodialysis \[[@CR24]\]. For patients on peritoneal dialysis, peritonitis and bacteremia were common complications, which may have increased the risk of infection-related disease, and fewer physician visits in the dialysis unit than in hemodialysis patients probably resulted in the higher readmission rate.

Previous studies investigated the association between CCI and mortality among various types of kidney disease, and all of these studies suggested that the CCI could be used as a predictor of adverse outcome for patients with kidney disease \[[@CR10], [@CR11], [@CR13]\]. Some studies developed modified CCIs \[[@CR12], [@CR25], [@CR26]\] for mortality analysis of dialysis patients without counting kidney disease, but the performance of a modified CCI is almost identical to the original CCI in terms of c-statistics. In our study, although the overall CCI score is systematically deviated towards a higher score as kidney disease is scored for patients receiving dialysis. The deviated CCI score of patients on dialysis would not affect the relationship between CCI and unplanned readmission because we transformed a numerical CCI score to a categorical one by classifying patients into four different groups. Furthermore, there were other comorbidity indexes developed for patients receiving maintenance dialysis. For example, Wright-Khan \[[@CR27]\] proposed a comorbidity index based on data of ESKD patient. Davies \[[@CR28]\] developed a comorbidity index to predict the mortality of patients on ambulatory peritoneal dialysis. Several studies compared the above two indexes with CCI, and found that the CCI had the best performance regarding prediction of mortality \[[@CR29], [@CR30]\]. However, there are few studies investigating the association between comorbidity-indexes and the risk of 30-day readmission among patients with ESKD. CCI was initially designed to predict 1-year mortality for all hospitalized patients, but it has never been used to perform 30-day readmission prediction in dialysis patients. Previous studies have explored the association between CCI and readmission in the hip fracture population \[[@CR31]\] and in patients after orthopedic surgery \[[@CR32]\]. However, the predictive abilities of CCI for readmission in different populations were inconsistent. Our study indicated that a higher CCI score may indicate a higher risk of 30-day readmission rate, and it could therefore be used for risk stratification in clinical practice.

This study has the advantage of utilizing a large nationwide database with strict quality-control processes. However, the study has some limitations worth mentioning. First, although a national database was used to explore the association between CCI and the risk of 30-day readmission, it included only class 3 hospitals and lacked hospitalization records of dialysis patients from the primary and secondary hospitals. Selection bias might have occurred because the patients in class 3 hospitals tend to have severe situations which probably overestimated the readmission rate. However, the class 3 hospitals included in the HQMS could provide healthcare services to nationwide patients due to the lack of a standard referral system. Hospitalizations for all causes were considered in our study, as not all dialysis patients were admitted through nephrology in China. Second, we selected the patients on maintenance dialysis based on the diagnosis code of ICD-10 and the procedure code of ICD-9-CM-3, which may have ignored those patients with conditions of dialysis but having no records of the dialysis diagnosis or procedure in the database. However, the use of ICD codes to extract patients from an administrative or claims dataset is a common method for observational study. In addition, a previous study of HQMS \[[@CR14]\] has shown that ICD codes in the database had relatively low sensitivity and high specificity. According to the results, the non-dialysis patients were less likely to be misclassified as dialysis patients, which ensured the homogeneity of our population. Finally, as an administrative database, the database of HQMS lacked the variables of vital signs, results of laboratory tests and clinical medications, which implied that there may be residual confounding. Considering that these variables were not recorded in inpatient discharge summaries, and that we aimed to predict the 30-day readmission of dialysis patients from routinely available data, the use of HQMS was the best choice at present. The HQMS database has been used in previous studies \[[@CR14], [@CR33]\] to analyze the distribution and trend of CKD in China and the utilization of this dataset for rehospitalization research is also feasible.

Conclusions {#Sec10}
===========

Our study indicated that CCI was a predictor for the risk of 30-day readmission among patients with ESKD, and could be used for clinical risk prediction and patient management. For hospitalized dialysis patients with a CCI of 5 or higher, relatively intense follow-up is needed, especially during the first month after discharge. Whether the effective risk prediction and corresponding intervention could lead to the reduction of 30-day readmission, as well as medical expenditures, warrants further interventional research.

Additional file
===============

 {#Sec11}

Additional file 1:**Table S1.** The ICD-10 diagnosis codes and ICD-9-CM-3 procedure codes for identifying dialysis patients. **Table S2.** The ICD-10 diagnosis codes and ICD-9-CM-3 procedure codes for excluding patients with AKI, kidney transplantation and CKD stages G1--4. **Table S3.** The ICD-10 diagnosis codes and ICD-9-CM-3 procedure codes for identifying causes of hospitalization. **Table S4.** The ICD-10 diagnosis codes for identifying the diseases in CCI. **Table S5.** Comorbidity component of CCI and weighted score. (DOCX 19 kb)
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